Several series of silanes containing at least one guaiacol moiety were conveniently prepared by direct treatment of dichlorosilanes with o-methoxyphenol (guaiacol) in the presence of triethylamine. After isolation and characterization, the compounds were evaluated as external donors (or selectivity control agents, SCAs), for heterogeneous fourth-generation Ziegler-Natta catalysts in liquid propylene (LIPP) polymerizations. The isotactic polypropylene polymers formed using these SCAs covered a wide range of xylene solubles from -5% to 16%. The most effective guaiacol-containing SCAs were those containing both sterically bulky groups on the central silicon atom as well as an attached methoxy group.
INTRODUCTION
Current late-generation Ziegler-Natta procatalysts for the production of isotactic polypropylene (i-PP) generally comprise titanium chloride and a phthalate diester on a magnesium chloride support [1] , These procatalysts alone are not active for propylene polymerization but rather require reduction by an aluminum alkyl co-catalyst to become active, and, additionally, the presence of an external electron doner, or selectivity control agent (SCA), to ensure high stereoregularity in the final i-PP produced. Alkoxysilanes, usually di-or tri-methoxysilanes, have proven to be extremely effective as SCAs for the production of polypropylene of various isotacticities in these fourth generation Ziegler-Natta catalysts [1, 2] , Silanes can be chosen to give the desired stereoselectivity of the polypropylene resin produced. As a result, a large number of alkyl and aryl silanes incorporating at least one alkoxy substituent have been investigated for their abilities to effect selectivity in polymerizations to produce i-PP. Unfortunately, despite a large amount of work in the literature, there is no direct correlation between the nature of the alkyl or aryl substituents on silicon and the effectiveness of selectivity control, making it difficult to predict which alkoxysilane will be the optimal SCA for any particular polymer application [1] [2] [3] , Thus, by necessity, most of the work in the open and patent literature concerning SCAs has been empirical in nature. Although the exact mechanism for how the SCA interacts with the catalyst surface is not known with certainty it is believed that the alkoxide portion of the SCA binds to either the catalyst active site directly or to the catalyst support in the vicinity of the active site. We were interested in silyl-substituted derivatives of guaiacol, or o-methoxyphenol, which incorporated this guaiacol moiety as one or more of the substituents on silicon. Our reason for interest in guaiacol revolves around the myriad of possible coordination modes to the procatalyst surface possible for these silylated derivatives. If the SCA binds to the catalyst support through either mono-or multi-dentate modes then attachment of multi-oxygenated ligands such as guaiacol to the silanes could provide for a wide variety of binding possibilities. We were also interested in exploring the possibility of chloride acting as a donor. Figure 1 shows the generic structures of three types of SCAs discussed in this work -diguaiacolsilanes, guaiacolchlorosilanes, and guaiacolalkoxysilanes.
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Figure 1. Classes of Guaiacol-Derived Silanes Used as SCAs
In addition, we were interested in noting the effects of varying the alkyl and aryl groups attached to silicon on polymer properties, as well as briefly looking at changes in sterics for the alkoxide portion of the SCA. To
Guaiacol-Substituted Silanes as Selectivity Control Agents for Ziegler-Natta Polypropylene
Catalysts this end, these three series of dialkyl and diaryl silanes incorporating at least one guaiacol unit were synthesized and evaluated as SCAs for a typical fourth generation Ziegler-Natta polypropylene catalyst.
MATERIALS AND METHODS Preparation of the Silanes
All of the silanes prepared for this study are moisture-sensitive and so standard inert atmosphere techniques must be used. Solvents and reagents used were obtained commercially as the anhydrous forms and used without further purification. Di-isobutyldichlorosilane (/-Bu 2 SiCl 2 ) was prepared according to a literature method [4] , 'H and L 'C NMR spectra were obtained on a 400-AMX Bruker spectrometer. No other products were observable in the NMR spectra. All compounds had acceptable elemental analyses. A listing of the prepared silanes along with their abbreviations used in the text is shown in Figure 2 . Dimethyldiguaiacolsilane (DMDGS). A 500 mL Schlenk flask was charged with guaiacol (13.5 mL, 0.12 mol). Toluene (200 mL) was added, followed by Et 3 N (16.7 mL, 0.12 mol). Me 2 SiCl 2 (7.3 mL, 60 mmol) was added slowly via syringe. A white precipitate formed immediately and the reaction mixture warmed noticeably. The mixture was stirred for 14 h at room temperature and then filtered through a medium frit. The solvent was removed under vacuum to give a clear liquid. This crude material was distilled under vacuum (0.10 torr), and the fraction boiling at I30-138°C was collected to give 15.3 g (84%) of the desired product. Η NMR (400 MHz, CDCh) δ 7.15 (dd, J= 7. 
Di-isopropyldiguaiacolsilane (DIPDGS).
A 500 mL Schlenk flask was charged with guaiacol (13.5 mL, 0.12 mol) and THF (200 mL). Et 3 N (16.7 mL, 0.12 mol) was added, followed by ;-Pr 2 SiCl 2 (10.8 mL, 60 mmol). A white precipitate formed immediately and the reaction mixture warmed noticeably. The mixture was stirred for 14 h at room temperature and then filtered through a medium frit. The solvent was removed under vacuum to give a clear liquid. This crude material was distilled under vacuum (0.10 torr), and the fraction boiling at 140-150°C was collected to give 14.0 g (65%) of the desired product. 'H NMR (400 MHz, CDCI 3 )ö 7.09 (dd, J = 7. 
Di-n-butyldiguaiacolsilane (DBDGS).
A 500 mL Schlenk flask was charged with guaiacol (13.5 mL, 0.12 mol) and THF (200 mL). Et 3 N (16.7 mL, 0.12 mol) was added, followed by «-Bu 2 SiCI 2 (12.8 mL, 60 mmol). A white precipitate formed immediately and the reaction mixture warmed noticeably. The mixture was stirred for 14 h at room temperature followed by filtration through a medium frit. The solvent was removed under vacuum to give a clear liquid. This crude material was distilled under vacuum (0.10 torr), and the fraction boiling at 145-160°C was collected to give 18.2 g (78%) of the desired product. ' 
Diphenyldiguaiacolsilane (DPDGS).
A 500 mL Schlenk flask was charged with guaiacol (13.5 mL, 0.12 mol) and THF (200 mL). Et 3 N (16.7 mL, 0.12 mol) was added, followed by Ph 2 SiCI 2 (12.8 mL, 60 mmol). A white precipitate formed immediately and the reaction mixture warmed noticeably. The mixture was stirred for 14 h at room temperature and then filtered through a medium frit. The solvent was removed under vacuum to give a thick oil. Attempted vacuum distillation of this oil was unsuccessful, as the material solidified in the distillation head. The oil was allowed to stand at room temperature for 48 h, during which time it crystallized to give 21.0 g (82%) of the desired product as a white solid. ' 
Dimethylguaiacolchlorosilane (DMGC1S).
A 500 mL Schlenk flask was charged with THF (150 mL), Me 2 SiCI : (15 mL, 0.12 mol), and Et 3 N (16.7 mL, 0.12 mol). A solution of guaiacol (13.5 mL, 0.12 mol) in THF (50 mL) was added dropwise via cannula. A white precipitate began to form immediately. The mixture was allowed to stir for 14 h at room temperature. An additional portion of THF (100 mL) was added to facilitate transfer, and the mixture was filtered through a medium frit. The solvent was removed under vacuum to give a clear liquid. The crude material was transferred via cannula to a distillation assembly and distilled under vacuum (0.10 torr). The fraction boiling at 70-85°C was collected to give 17.1 g (66%) of the desired product as a clear liquid. 'H NMR (400 MHz, CDC1 3 ) δ 7.10 (m, 2H), 6 
Di-n-butylguaiacolchlorosilane (DBGCIS).
A 500 mL Schlenk flask was charged with THF (200 mL), nBu 2 SiCI 2 (25.6 mL, 0.12 mol), and Et 3 N (16.7 mL, 0.12 mol). A solution of guaiacol (13.5 mL, 0.12 mol) in THF (75 mL) was added dropwise via cannula. A white precipitate began to form immediately. The mixture was allowed to stir for 14 h at room temperature and then filtered through a medium frit. The solid was washed with THF (50 mL). The solvent was removed under vacuum to give a clear liquid. 
Diphenylguaiacolchlorosilane (DPGC1S).
A 500 mL Schlenk flask was charged with THF (200 mL), Ph 2 SiCI 2 (25 mL, 0.12 mol), and Et,N (16.7 mL, 0.12 mol). A solution ofguaiacol (13.5 mL, 0.12 mol) in THF (70 mL) was added dropwise via cannula. A white precipitate began to form immediately. The mixture was allowed to stir for 14 h at room temperature and then filtered through a medium frit. The solid was washed with THF (75 mL). The solvent was removed under vacuum to give a clear liquid. The crude material was transferred via cannula to a distillation assembly and distilled under vacuum (0.10 torr). No water was circulated through the condenser to prevent solidification of the product in the distillation head. The fraction boiling at I50-180°C was collected to give 22.0 g (54%) of the desired product as a clear liquid. 'H NMR (400 MHz, CDCI,) δ 7.96 (dd, J = 8.0 Hz, 1.5 Hz, 4H), 7.57 (m, 6H), 7.24 (dd, J = 7.9 Hz, 1. 
Dimethylguaiacolmethoxysilane (DMGOMS).
A 500 mL Schlenk flask was charged with THF (150 mL), Me 2 SiCl 2 (15 mL, 0.12 mol), and Et,Ν (16.7 mL, 0.12 mol). A solution ofguaiacol (13.5 mL, 0.12 mol) in THF (50 mL) was added dropwise via cannula. A white precipitate began to form immediately. The mixture was stirred at room temperature for 4 h. An additional portion of THF (100 mL) was added to facilitate filtration and the mixture filtered through a medium frit. To the filtrate was added Et,Ν (16.7 mL, 0.12 mol) followed by methanol (5.0 mL, 0.13 mol). A white precipitate formed immediately. The mixture was stirred for 16 h then filtered through a medium frit. The precipitate was washed with THF (50 mL) and the solvent removed under vacuum. The crude product was distilled under vacuum (0.1 torr) and the fraction boiling at 65-80°C was collected to give 12.3 g (48%) of the desired product as a clear liquid. ' 
Di -n-butylguaiacolmethoxysilane (DBGOMS).
A 500 mL Schlenk flask was charged with THF (150 mL), rt-Bu 2 SiCI 2 (25.6 mL, 0.12 mol), and Et,Ν (16.7 mL, 0.12 mol). A solution ofguaiacol (13.5 mL, 0.12 mol) in THF (60 mL) was added dropwise via cannula. A white precipitate began to form immediately. The mixture was stirred at room temperature for 4 h. An additional portion of THF (100 mL) was added to facilitate filtration and the mixture filtered through a medium frit. To the filtrate was added Et,Ν (16.7 mL, 0.12 mol) followed by methanol (5.0 mL, 0.13 mol). A white precipitate formed immediately. The mixture was stirred for 16 h then filtered through a medium frit. The precipitate was washed with THF (50 mL) and the solvent removed under vacuum. The crude product was distilled under vacuum (0.1 torr) and the fraction boiling at I30-145°C was collected to give 18.0 g (51%) of the desired product as a clear liquid. ' 
Di-isobutylguaiacolmethoxysilane (DIBGOMS).
A lOOmL flask was charged with Et 2 0 (40 mL) and iBu 2 SiCI 2 (2.26 g, 0.011 mol) [4] , Lithium guaiacolate (1.38 g, 0.01 1 mol), prepared from the reaction of guaiacol with /7-BuLi, was added slowly to the solution. After 1 minute stirring, THF (40 mL) was added. The suspended white solid dissolved to give a clear solution. The reaction was stirred for 24 h at room temperature. MeOH (0.43 mL, 0.011 mol) and NEt, (1.47 mL, 0.011 mol) were then added dropwise with vigorous stirring. A white precipitate formed immediately. The mixture was stirred for 48 h and then filtered through a medium frit. Removal of the solvent under vacuum left a light yellow oil and white precipitate. The oil was distilled under vacuum (0.1 mm) and the fraction boiling at 95-98°C was collected to give 0.549 g (17%) of the desired product as a clear liquid. 'H NMR (500 MHz, C 6 D 6 ) δ 7.06 (dd, J =7. 
Dimethylguaiacolisopropoxysilane (DMGOPrS).
A 500 mL Schlenk flask was charged with THF (200 mL), Me 2 SiCI 2 (15 mL, 0.12 mol), and Et,Ν (16.7 mL, 0.12 mol). A solution ofguaiacol (13.5 mL, 0.12 mol) in THF (60 mL) was added dropwise via cannula. A white precipitate began to form immediately. The mixture was stirred at room temperature for 3 h then filtered through a medium frit. The solid was washed with THF (50 mL). To the filtrate was added Et,Ν (16.7 mL, 0.12 mol) followed by isopropanol (9.2 mL, 0.12 mol). A white precipitate formed immediately. The mixture was stirred at room temperature for 14 h then filtered through a medium frit. The precipitate was washed with THF (50 mL) and the solvent removed under vacuum. The crude product was distilled under vacuum (0.1 torr) and the fraction boiling at 75-90°C was collected to give 14.4 g (50%) of the desired product as a clear liquid. ' (25 mL, 0.12 mol), and Et 3 N (16.7 mL, 0.12 mol). A solution of guaiacol (13.5 mL, 0.12 mol) in THF (50 mL) was added dropwise via cannula. A white precipitate began to form immediately. The mixture was stirred at room temperature for 14 h then filtered through a medium frit. The solid was washed with THF (50 mL). To the filtrate was added Et 3 N (16.7 mL, 0.12 mol) followed by isopropanol (9.2 mL, 0.12 mol). A white precipitate formed immediately. The mixture was stirred at room temperature for 4 h then filtered through a medium frit. The precipitate was washed with THF (50 mL) and the solvent removed under vacuum. The crude product was distilled under vacuum (0.1 torr) and the fraction boiling at 180-190°C was collected to give 22 g (50%) of the desired product as a clear liquid. ' 
Preparation of Procatalyst
The procatalyst used for all evaluations was prepared via a metathesis reaction in chlorobenzene using magnesium ethoxide, diisobutylphthalate, and titanium tetrachloride as described more completely in the "Preparation of Solid Catalyst Component" section in an earlier patent [5] , After isolation, the procatalyst contained approximately 19.2% magnesium, 2.9% titanium, and 12.1% diisobutylphthalate. Analytical The selectivity to isotactic polymer is determined by measuring the amount of xylene soluble (XS) polymer present in the polymer as a whole. The test for XS is conducted by dissolving the i-PP polymer in xylene under refluxing conditions. The flask containing the dissolved polymer is then immersed in a water bath at 25°C and maintained without stirring for one hour, during which time the insoluble portion precipitates. The precipitate is removed by filtration and the solubles content of the filtrate is determined by evaporation of an aliquot followed by drying and weighing of the residue. The xylene solubles portion consists mainly of amorphous atactic polypropylene along with low molecular weight crystalline polymer. The diisobutylphthalate content on the final procatalyst was determined by gas chromatography on a sample that had been reacted and solubilized with methoxyethanol. Magnesium and titanium values were determined by atomic absorption spectroscopy.
Autoclave Testing The catalysts were tested according to the following procedure. Liquid propylene (2.7 1) was added to a cooled 4-liter autoclave that had been dried under a stream of nitrogen at greater than 90°C. To the stirred autoclave at 62°C were added 17.0 mg of procatalyst (0.01 mmoles Ti) as a 5% by weight mineral oil slurry, 1.5 1 of hydrogen, 3.6 ml of 5.0% by weight TEAL solution in heptane (1.00 mmoles), and the silane to be evaluated (0.25 mmoles unless otherwise noted). The polymerization took place for 60 minutes at 67°C. At the end of the polymerization, the excess propylene was flashed off and the polymer recovered. Drying of the i-PP resin was accomplished by allowing the polymer to sit overnight in a vented hood.
RESULTS AND DISCUSSION Synthetic Methodology
The first requirement in this study was the development of an efficient synthetic route to the desired compounds. When this study was initiated the only report to our knowledge of the synthesis of a guaiacolcontaining silane described the preparation of dimethyldiguaiacolsilane (DMDGS) by treatment cf diethoxydimethylsilane with guaiacol in the presence of sodium metal [6] . As this route was not amenable to the preparation of the desired chloro-or isopropoxysilanes, it was decided that a more general route starting from readily available dichlorosilanes was more desirable. Since chlorosilanes react readily with alcohols to produce the corresponding alkoxysilanes with concomitant liberation of HCl, it was decided that this route provided the most straightforward access to the desired compounds. Triethylamine (Et 3 N) was added to the reaction mixtures to trap the HCl as it was generated, and the corresponding formation of the insoluble triethylamine hydrochloride provided a convenient indicator of the progress of the reactions. A variety of solvents proved to be satisfactory, but tetrahydrofuran (THF) was used most frequently because the hydrochloride salt dispersed somewhat better in THF than in diethyl ether (Et 2 0), and the THF was more easily removed than toluene under vacuum. By this route it was possible to prepare all of the desired guaiacolsilanes listed in Figure 2 with the exception of di-isobutylguaiacolmethoxysilane (DIBGOMS). DIBGOMS could not be prepared via this simple route. In order to prepare the more sterically congested DIBGOMS we were required to first synthesize and isolate the di-isobutyldichlorosilane intermediate, to which we then added lithium guaiacolate followed by MeOH/Et 3 N. The isolated overall yield of DIBGOMS was substantially lower than yields from the other guaiacol-containing silane preparations. 
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Figure 2. Listing and Abbreviations of Silanes Evaluated as SCAs
The initial compounds to be synthesized were those incorporating two guaiacol moieties. These targets proved to be readily accessible by treating the corresponding dichlorosilanes with two equivalents of guaiacol in the presence of two equivalents of Et 3 N.
While the dimethyl, diisopropyl, and dibutyl derivatives were purified by vacuum distillation, the diphenyl analog was not sufficiently volatile to be distilled, and so it was initially isolated as a viscous oil. Fortunately, this oil crystallized upon standing, and the compound was then further purified by recrystallization from Et:0.
With the successful synthesis of the diguaiacolsilanes, attention was next focused on the introduction of only one guaiacol unit, thereby leaving one chloride on silicon. The first attempts involved simply adding only one equivalent of guaiacol under the same conditions outlined above. This approach, however, produced a mixture of the desired compound along with the disubstituted analog. Thus, it proved necessary to add a solution of guaiacol in THF slowly to the reaction mixture.
This route afforded the monosubstituted silanes in good yields, and the small amounts of diguaiacol derivatives produced were easily removed by vacuum distillation.
The availability of the guaiacolchlorosilanes made it possible to introduce a second different alkoxy functionality. Thus, addition of methanol to the corresponding chlorosilanes (prepared in situ) in the presence of EtjN led to the clean formation of the desired compounds. It was found that better overall yields were obtained by this one-pot method rather than isolating the chlorosilanes. Alternatively, isopropanol was substituted for methanol in two cases, giving the analogous isopropoxy derivatives. Overall, the same synthetic methodology was easily adapted to produce four series of compounds with variations in the steric bulk and in the nature of the functional groups on silicon, with the lone exception being the di-isobutylderivative DIBGOMS discussed above. 
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Evaluation of Guaiacol-Containing Silanes as SCAs
Once efficient synthetic routes to these target molecules had been developed, the next step was to evaluate them as selectivity control agents in the polymerization of propylene. The compounds were tested utilizing a standard fourth generation, diisobutylphthalate-containing catalyst in bulk liquid propylene as the reaction medium (see Materials and Methods above). A molar ratio of SCA:Ti of 25:1 was used in most cases, although for some runs the amount of SCA was doubled, and this difference is noted in Table 1 . As a normal procedure, the silanes were injected into the reactor separately from the procatalyst/co-catalyst mixture. In order to serve as a comparison, the baseline performance of the procatalyst/co-catalyst mixture in the absence of any added silane is also listed in Table 1 . Although varying depending on the exact application needed, it should be noted that the upper limit for xylene solubles (XS) of commercial i-PP homopolymers is generally around 8% XS, with most commercial materials at -6% XS or below.
An initial glance at Table 1 shows that a wide range of XS levels can be produced using the guaiacolmodified silanes, ranging from commercially-viable i-PP resins to polymers with XS values well outside the useful range. Further examination indicates that in essentially all cases, the activity of the catalyst is not diminished significantly from the baseline case when no SCA is used; i.e., at the normal 25:1 SCA:Ti ratios these silanes are not serious activity poisons to the catalyst system. In general, catalyst activities are all within 26-32 kg PP/g catalyst, or virtually unchanged from the baseline case of 29.7 kg PP/g catalyst. Effects on catalyst activity as a function of SCA:Ti ratio as seen with the methoxy-substituted silanes will be discussed shortly.
Fortunately, the wide range of XS values found in this study allows for some trends to be drawn concerning selectivity of these catalyst systems. Firstly obvious is that none of the SCAs yield polymers with extremely low XS (< 3%) values that can be obtained using the more common, commercially-available di-and tri-methoxysilanes. The implication from this is that although the guaiacol moiety can bind to the catalyst surface effectively and can function as an SCA (as demonstrated by the improvement in XS from the baseline case to an^ of the experimental cases) the guaiacol moiety itself does not coordinate to the active catalyst as effectively as a Si-OMe group. This can be examined in more detail by observing the differences in XS values obtained for the various families of guaiacolsilanes. The diguaiacolsilanes can only bind to the catalyst surface via the aromatic methoxide group or through the bridging silylether oxygen, and the guaiacolchlorosilanes can bind through these same groups or possibly through the chloride. Similarly, the guaiacolmethoxysilanes can bind through these same aromatic ethers or through the Si-OMe, and the guaiacolisopropoxides can bind through these same groups or through the Si-0-/'-Pr. The general trend of the XS values obtained with these SCA families indicates the following relative ranking:
Guaiacolisopropoxides = Guaiacolchlorides > Diaguaiacolsilanes > Guaiacolmethoxysilanes
Higher XS (Lower Selectivity) Lower XS (Higher Selectivity)
This order can be explained as follows. Use of the isopropoxide group in place of the methoxide group as one of the coordinating ligands to the catalyst surface causes a decrease in coordination ability due to the significantly increased steric bulk of the isopropoxide relativ'e to the methoxide. The higher XS values obtained using the guaiacolchlorides must simply reflect the weakness in the coordination ability of the chloride end of the molecule, thus leaving the guaiacol portion of the molecule as the only source of coordination to the surface. The diguaiacolsilanes have several modes of coordination to the surface (vide supra) including two strongly-donating aromatic methoxides. Thus, one might expect that these SCAs might be more similar to the commercially used di-and tri-methoxysilanes. Indeed, i-PP resins with commercially acceptable XS levels can be produced with diguaiacolsilanes, although the XS values are on the high side of the commercially viable range. The guaiacolmethoxysilanes are most similar to the SCAs used commercially, due mainly to the presence of a Si-OMe fragment. When this Si-OMe group is combined with the methoxy-functionality of the guaiacol group there exist at least two strongly-donating methoxides to coordinate to the catalyst surface. It could be expected that these SCAs would provide the most selective catalysts, leading to the lowest XS values. Observing Table 1 indicates this to be true.
Since the methoxyguaiacolsilanes were the most effective SCAs each of them was examined not only at the normal level 25:1 of SCA:Ti but also at a doubled level of 50:1 SCA:Ti. It is to be expected that as the amount of SCA is raised relative to titanium that the selectivity to i-PP would increase, resulting in a lower XS value. All four methoxyguaiacolsilanes showed this trend -in each case the XS value decreased between 0.3 -2.2%. Concomitant with this increase in selectivity was seen a decrease in activity in all cases. This drop in activity indicates that these SCAs at higher levels than normally used are not innocuous but do indeed act as slight catalyst activity poisons. This drop in activity will set the lower limit of XS values achievable using these catalysts.
Finally, the steric bulk of the organic groups around the silicon in these SCAs should be discussed. The general trend seen earlier [1] [2] [3] is that larger, more sterically-encumbering groups are needed for attachment to the central silicon atom in order to achieve low XS values. This trend is also seen here in the methoxyguaiacolsilanes with the smaller dimethyl (DMGOMS) and diphenyl (DPGOMS) substituted silanes yielding higher XS values than the more bulky di-isobutyl (DIBGOMS) silanes. The trend is also repeated with the diguaiacolsilanes with the branched di-isopropyl substituted silane (DIPDGS) giving the lowest XS levels in this family. Similarly, in the guaiacolchlorosilane family of SCAs the small dimethyl substituted silane gives polymer with the highest XS values.
In summary, we have prepared several new silanes of the general formula (GuaiacoOSiRsX that contain the guaiacol moiety as an integral part of the structure. Compounds have been .made with X = chloride, methoxide, or isopropoxide to serve as additional coordination sites to the catalyst surface. The steric bulk at the silicon center has been varied by changing the attached R groups from methyl to phenyl to isobutyl groups.
After purification, these compounds have been utilized as selectivity control agents for the production of highly isotactic polypropylene using late generation Ziegler-Natta catalysts. Results indicate that the SCAs containing both guaiacol and methoxide groups are the most selective, particularly those with larger R groups attached to silicon. Polypropylene resins with commercially-viable levels of XS could be prepared using these SCAs without significant drops in catalyst activity.
